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Summary
Background: ‘‘Small heart syndrome’’, previously referred to as so-called
‘‘neurocirculatory asthenia’’ associated with a small heart shadow on the chest
roentgenogram, is characterized by weakness or fatigue even after mild exertion,
palpitation, dyspnea, and fainting, many of which resemble symptoms in patients
with chronic fatigue syndrome (CFS).
Methods and results: The study population comprised 42 patients with CFS
younger than 40 years of age. Cardiothoracic ratio was determined on the chest
roentgenogram and echocardiographic examination was performed to evaluate both
the cardiac chamber size and function. ‘‘Small heart’’ (cardiothoracic ratio ≤42%)
on the chest X-ray photograph was noted in 26 (62%) of the study CFS patients.
Echocardiographic examination demonstrated signiﬁcantly smaller mean values of
both the left ventricular (LV) end-diastolic and end-systolic dimensions, stroke vol-
ume indexes and cardiac indexes in CFS patients with ‘‘small heart’’ than in those
without it and also in 20 control subjects. Thus, CFS patients with ‘‘small heart’’ had
an actually small LV chamber and poor cardiac performance. During a long follow-
up period of 10 CFS patients with ‘‘small heart’’, all echocardiographic parameters
mentioned above improved and cardiothoracic ratios increased signiﬁcantly during
the remission phase as compared with exacerbation phase.
Conclusions: ‘‘Small heart’’ on the chest X-ray photograph was prevalently noted in
CFS patients. Echocardiographic examination revealed that CFS patients with ‘‘small
heart’’ had an actually small LV chamber and poor cardiac performance. Cardiac
functional changes evaluated by repeated examinations appeared to be directly
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associated with the severity of their symptoms. Small heart syndrome with impaired
tribute to the development of CFS through low cardiac output
r.
e of Cardiology. Published by Elsevier Ireland Ltd. All rights
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Calculated cardiothoracic ratio (CTR) ≤42% in
the postero-anterior projection on the chest
roentgenogram was deﬁned as small heart [8—10].cardiac function may con
as a constitutional facto
© 2009 Japanese Colleg
reserved.
Introduction
The chronic fatigue syndrome (CFS), which affects
many young people in modern, stressful society, is
characterized by persistent and relapsing, severe
disabling fatigue, not resolved by rest, causing
a marked reduction of working activity [1—3].
The fatigue is often accompanied by multiple
unexplained symptoms including headache, sore
throat, self-reported impairments in concentration
and short-term memory, sleep disturbances, and
musculoskeletal pain [1—5]. The etiology of CFS
remains unclear, although various factors have been
implicated [1,3—6].
‘‘Small heart syndrome’’ named from the con-
cept that a heart small in relation to the body is
inadequate for work, has previously been reported
by Master as so-called ‘‘neurocirculatory asthe-
nia’’ in young adults associated with a small heart
shadow on the chest roentgenogram [7]. The most
frequent complaints are fatigue or weakness, rapid
heart, chest pain, shortness of breath, nervousness,
trembling, sweating, and fainting. These symp-
toms are also common in patients with CFS. Small
heart syndrome may relate to the genesis of CFS.
Recently, we have reported that ‘‘small heart’’ is
prevalent in patients with CFS [8].
In the present study, in order to determine
whether cardiac function is actually impaired due
to small heart and to clarify the relation between
cardiac performance and the severity of symp-
toms, cardiac function was repeatedly evaluated
echocardiographically to compare between the
exacerbation and remission phases in young adults
with CFS.
Materials and methods
Study populationPatients with chronic fatigue who visited our clinic,
were diagnosed with CFS, and gave consent to par-
ticipate in the present study, were consecutively
included in the study population. CFS was diag-
A
i
d
losed according to the revised case deﬁnition of
ukuda et al. [9] after alternative medical and
sychiatric causes of chronic fatiguing illness have
een excluded. Speciﬁcally, CFS was deﬁned by the
resence of the following: (1) self-reported, unex-
lained, persistent, or relapsing fatigue lasting 6
r more consecutive months; is not substantially
lleviated by rest; and results in substantial reduc-
ion in previous levels of occupational, educational,
ocial, or personal activities; and (2) the concur-
ent occurrence of four or more of the following
ymptoms: self-reported impairment in short-term
emory or concentration severe enough to cause
ubstantial reduction in previous levels of occupa-
ional, educational, social, or personal activities;
ore throat; tender cervical or axillary lymph nodes;
uscle pain; multijoint pain without joint swelling
r redness; headaches of a new type, pattern,
r severity; unrefreshing sleep; and postexertional
alaise lasting more than 24 h. The study popula-
ion comprised 42 patients with CFS younger than
0 years, including 19 men and 23 women with a
ean age of 29± 6 years. The most frequent com-
laints complicated with fatigue were impairment
n short-termmemory or concentration (79%), unre-
reshing sleep (71%), and postexertional malaise
69%).
hysical examination
ll the study patients underwent intensive physi-
al examinations. Especially, abnormalities in heart
ounds including murmurs and extrasounds, pres-
nce of pretibial pitting edema, and coldness of
oot were checked. Bimanually palpability of the
ight kidney was also determined.
hest roentgenogramslso the presence or absence of narrow chest ﬁnd-
ngs including ﬂat chest and straight back was
etermined in the right-to-left projection of the
ateral view on the chest X-ray photograph. Nar-
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Figure 1 The chest roentgenogram of a 24-year-old
female CFS patient with ‘‘small heart’’ (CTR: 32%). From
15 months previously she had suffered from severe gen-
eral malaise and easy fatigability. She also frequently
developed severe dyspnea. She became unable to work
as a hospital nurse due to increasingly impaired activity
and concentration. The upper arrow line shows the car-
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imall heart and chronic fatigue syndrome
ow chest was diagnosed when the antero-posterior
iameter estimated in the lateral view was less
han 40% of the transverse diameter at the level
f diaphragm of the thoracic cage.
chocardiographic examinations
ll individuals underwent standard M-mode and
wo-dimensional echocardiography. The left ven-
ricular (LV) dimensions were measured according
o the recommendations of the American Society of
chocardiography [11]. LV volume was calculated
y the Teichholz’ formula [12], and an ejection
raction was obtained by the conventional method.
itral valve prolapse was diagnosed according to
ilbert et al. [13] with Yoshikawa’s modiﬁcation
14].
CFS patients with a small heart who could be fol-
owed up for a long period, underwent repeated
chocardiographic examinations during the exac-
rbation and remission phases. Remission phases
ere deﬁned when the patient’s symptoms gener-
lly improved and then failed to meet criteria for
FS.
All studied participants gave informed consent,
nd the study protocol was approved by the ethics
ommittee of our institution.
tatistical analysis
alues are presented as the mean± standard devi-
tion. Comparisons of echocardiographic values or
arameters between the study groups were per-
ormed with ANOVA followed by the Student’s
npaired t-test. Comparisons between echocar-
iographic parameters during exacerbation and
emission in CFS patients were performed with
NOVA followed by the Student’s paired t-test. The
alue of signiﬁcance was set at P < 0.05.
esults
mall heart was noted in 26 (62%) of 42 CFS
atients. Fig. 1 shows the chest roentgenogram of a
ypical case with CFS and small heart. CFS patients
ere divided into two groups, CFS with and without
mall heart.
For the control, 20 subjects age- and sex-
atched with 26 patients with both CFS and small
eart, who visited our out-patient clinic for annual
edical examination, did not have signiﬁcant med-
cal or psychiatric disorders, had not reported
atigue of at least 1-month duration, and had
0% >CTR > 42% on the chest roentgenogram, were
s
w
e
iiac transverse diameter while the lower one shows the
horacic transverse diameter.
ecruited. As shown in Table 1, signiﬁcantly smaller
ean values of LV end-diastolic and end-systolic
imensions, stroke volume indexes, and cardiac
ndexes were noted in CFS with small heart as com-
ared with controls and also CFS without small
eart.
As shown in Table 2, 10 CFS patients with
mall heart, comprising 2 men and 8 women
ith a mean age of 26± 5 years, underwent a
ong-term follow-up under symptom-oriented med-
cations and instructions to avoid dehydration. A
maller heart-size with CTR ≤40% was noted in six
60%) of them. Narrow chest (80%), female gen-
er (80%), orthostatic dysregulation (50%), coldness
f feet (60%), pretibial pitting edema (20%), pal-
ability of right kidney (70%), and mitral valve
rolapse syndrome (30%) were noted in the study
FS patients. Triggering factors for exacerbation
ncluded diarrhea, loss of appetite due to mental
tress, busy life, or unwanted weight gain, irregular
ork time, and summer sweating.
Comparative echocardiographic data during
xacerbation and remission (interval: 6± 2 months)
n CFS with small heart are shown in Table 3.
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Table 1 Comparison of echocardiographic ﬁndings among study groups.
Controls P-value CFS, small heart (+) P-value CFS, small heart (−)
Number of patients 20 26 16
Male/female 7/13 9/17 10/6
Age (years) 29± 5 NS 29± 6 NS 30± 6
Body height (cm) 162± 8 NS 164± 10 NS 165± 9
Body weight (kg) 62± 18 <0.01 51± 11 <0.001 69± 17
Body surface area (m2) 1.67± 0.24 NS 1.54± 0.20 <0.01 1.77± 0.22
Heart rate (beats/min) 69± 10 NS 70± 10 NS 66± 10
IVS (mm) 8.7± 1.0 NS 8.4± 1.3 NS 9.0± 1.0
PW (mm) 8.6± 1.1 NS 8.2± 1.3 <0.05 9.1± 0.9
LVEDD (mm) 44.9± 4.6 <0.01 41.1± 4.1 <0.001 47.5± 3.6
LVESD (mm) 27.9± 2.8 <0.05 25.5± 4.1 <0.01 29.1± 2.3
LAD (mm) 26.8± 3.5 NS 25.6± 3.9 NS 27.7± 4.6
AoD (mm) 26.4± 3.5 NS 25.6± 3.4 NS 27.4± 34
RVD (mm) 14.9± 2.4 NS 15.9± 3.9 NS 16.1± 2.5
Stroke volume (ml) 63.7± 15.9 <0.01 51.0± 11.3 <0.001 73.3± 13.5
Stroke volume index (ml/m2) 38.0± 6.5 <0.05 33.1± 6.5 <0.001 41.4± 5.8
Cardiac output (l/min) 4.34± 1.20 <0.01 3.53± 0.83 <0.001 4.85± 1.26
Cardiac index (l/(minm2)) 2.59± 0.49 <0.05 2.29± 0.47 <0.05 2.73± 0.61
Fractional shortening (%) 37.7± 2.7 NS 37.5± 4.0 NS 38.7± 2.1
Ejection fraction (%) 67.9± 3.2 NS 67.8± 5.1 NS 68.9± 2.4
LV) p
AD, l
iIVS, interventricular septum thickness; PW, left ventricular (
dimension; LVESD, left ventricular end-systolic dimension; L
ventricular dimension; NS, not signiﬁcant.
Heart rate was signiﬁcantly lower during remission
than during exacerbation. LV end-diastolic (Fig. 2)
and end-systolic diameters were both signiﬁcantly
larger during remission compared with those dur-
ing exacerbation. Also, stroke volume and cardiac
d
e
d
e
Table 2 Clinical proﬁles of CFS patients with small heart f
Patient # Age/sex CTR (%) Symptoms P
1 32/F 34 Fatigue F
Headache R
2 19/F 41 Malaise L
Headache R
3 23/M 36 Irritability F
Malaise R
4 33/F 33 Malaise F
Abd. pain R
5 26/F 37 Fatigue F
Dizziness O
6 29/F 39 Malaise F
Fainting R
7 24/M 41 Malaise S
Dizziness O
8 19/F 36 Fainting F
Fatigue O
9 26/F 42 Sore throat F
Fainting R
10 29/F 42 Fatigue F
Faintness L
SM, systolic murmur; CVA, costovertebral angle; abd., abdominal; Oosterior wall thickness; LVEDD, left ventricular end-diastolic
eft atrial dimension; AoD, aortic root diameter; RVD, right
ndexes (Fig. 3) were both signiﬁcantly greater
uring remission compared with those during exac-
rbation. In addition, CTRs increased signiﬁcantly
uring remission compared with those during exac-
rbation.
ollowed up for a long period.
hysical ﬁndings Trigger for exacerbation
lat chest, late SM Summer sweating
-kidney palpable Flu
ate SM, CVA tenderness Irregular time work
-kidney palpable Hard work
lat chest, OD Irregular time work
-kidney palpable Diarrhea
oot coldness Mental stress
-kidney palpable Diarrhea
oot coldness Unwanted weight gain
D, r-kidney palpable Child care
oot coldness, edema Stress after marriage
-kidney palpable Wishing for a baby
traight back Irregular time work
D Busy work
oot coldness Busy school work
D Part-time job
oot coldness, OD Work searching
-kidney palpable, edema Change of partner
oot coldness Nursing baby
ate SM, click Flu
D, orthostatic dysregulation.
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Table 3 Comparison of echocardiographic ﬁndings of CFS patients with small heart between the exacerbation and
remission phases.
Exacerbation Remission P-value
Heart rate (beats/min) 71 ± 9 63 ± 6 0.014*
LVEDD (mm) 37.7 ± 3.6 42.8 ± 2.5 <0.001*
LVESD (mm) 24.1 ± 2.0 26.7 ± 2.2 0.015*
Stroke volume (ml) 40.7 ± 9.6 56.3 ± 10.6 <0.001*
Stroke volume index (ml/m2) 28.2 ± 6.7 38.9 ± 6.1 <0.001*
Cardiac output (l/min) 2.84 ± 0.59 3.57 ± 0.89 0.017*
Cardiac index (l/(minm2)) 1.97 ± 0.43 2.46 ± 0.51 0.014*
Ejection fraction (%) 66.1 ± 3.3 67.6 ± 5.9 0.443
Inferior vena cava (mm) 12.3 ± 4.4 12.8 ± 3.6 0.795
CTR (%) 38 ± 3 *
LV, left ventricular; EDD, end-diastolic dimension; ESD, end-systolic
* Statistically signiﬁcant.
Figure 2 Comparison of the LV end-diastolic dimensions
(EDD) between the exacerbation and remission phases
in the study patients with both chronic fatigue syn-
drome and small heart. The mean LVEDD was signiﬁcantly
greater during the latter as compared to the former.
Figure 3 Comparison of the cardiac indexes between
the exacerbation and remission phases in the study
patients with both chronic fatigue syndrome and small
heart. The mean cardiac index was signiﬁcantly greater
during the latter as compared to the former.
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140 ± 3 <0.001
dimension; CTR, cardiothoracic ratio.
iscussion
atients with small heart syndrome have been char-
cterized as frequently having straight spines and
hests with decreased antero-posterior diameters
7]. Their symptoms appear usually during youth
nd they occasionally consult doctors because
f easy fatigability, general malaise, weakness,
ervousness, trembling, and sweating as well as
variety of cardiovascular complaints, including
hest pain, palpitation, dyspnea or shortness of
reath, dizziness, and fainting.
In the present study, small heart shadow on
he chest roentgenogram was prevalent in young
dult Japanese CFS patients. Echocardiographic
xamination has revealed that CFS patients with
mall heart syndrome have actually smaller LV
hamber size and poorer cardiac function with
ower stroke volume and cardiac indexes com-
ared with controls. ‘‘Small heart syndrome’’
ay be related to the genesis of CFS as a pre-
isposing factor to fatigue. Moreover, repeated
chocardiographic examinations also revealed that
emodynamic abnormalities including smaller LV
hamber size, and diminished cardiac stroke vol-
me and cardiac output during the exacerbation
hase signiﬁcantly improved during the remission
hase, suggesting a direct relation between the
everity of chronic fatigue and impaired cardiac
unction.
In 1944, when Master reported several cases with
oth ‘‘small heart shadow’’ and ‘‘neurocirculatory
sthenia’’, he hypothesized that these symptoms
ere caused by diminished venous return, dimin-
shed cardiac output, anoxemic heart muscle, and
ecreased oxygen saturation of the blood due
o congenital or constitutionally small heart [7].
imilarly DaCosta described ‘‘irritable heart’’ in
871, a peculiar form of functional disorder of
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the heart found in the military population during
the American Civil War [15]. The disorder fre-
quently presented after an episode of diarrhea
and persisted after the digestive disturbances had
diminished. Fatigue was an almost universal com-
plaint in DaCosta’s syndrome, although symptoms
included palpitation, cardiac pain, headache, and
dimness [15,16]. Our study patients had diarrhea,
sweating, and loss of appetite as triggering fac-
tors for exacerbation. All these factors may lead to
dehydration and reduce venous return or preload,
resulting in further decreases in both stroke vol-
ume and cardiac output, thereby exacerbating
symptoms in young CFS patients with small heart
syndrome.
Patients with small heart are known to have
slender physiques with low body mass indexes,
frequently visceral ptosis with wandering kidney,
asthenia, nervousness as well as foot coldness, sug-
gesting physical, autonomic nervous, and psycho-
logical irritability or lack of relaxation [7,10,17].
Autonomic nervous dysfunction with accentuated
basal parasympathetic tone may be associated with
these symptoms through inhibiting sympathetic
activation which otherwise contributes to improved
cardiac function. In order to work and perform
other duties without excessive exhaustion, patients
with small heart syndrome need to have sufﬁcient
rest and both physical and emotional relaxation and
also avoid dehydration.
Physiological or cardiac functional signiﬁcance
of small heart syndrome has not been established
yet. Even whether patients with small heart shadow
on the chest roentgenogram should have actually
small LV cavity is still controversial [17] because
an apparent small heart shadow may be due to
standing heart resulting from low diaphragm and
narrow chest, and low fat content in the epi-
cardial and pericardial space. It is possible that
patients with small heart and CFS have smaller left
ventricles than those with small heart but with-
out CFS. Although low cardiac output is generally
observed also in patients with congestive heart
failure, the pathophysiological state of cardiac
function is absolutely different between small heart
syndrome and congestive heart failure in which
intrinsic myocardial performance was impaired
with systolic and/or diastolic dysfunction. Thus,
it is likely that the changes in the cardiac size,
stroke volume, and cardiac output during the dis-
ease course were the only consequences resulting
from the preload reduction. Further investigations
will be needed to clarify the causal relationship
between the low cardiac output and the var-
ious symptoms in patients with CFS and small
heart.
[K. Miwa, M. Fujita
In conclusion, reduced cardiac function during
he exacerbation phase was improved during the
emission phase in CFS patients with ‘‘small heart’’,
uggesting that small heart syndrome with impaired
ardiac function may play an important role in the
enesis of CFS.
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